Nonorthogonal multiple access (NOMA) is one of the promising access techniques in 5G network. e application of relay in NOMA system is a hotspot in recent research. NOMA-based cooperative relay network can achieve a higher spectral efficiency and a lower outage probability. In this paper, we analyse the performance of the two-hop DF relay NOMA network scenario, where the number of cell edge users is more than the cell center user, and obtained the closed-form expression of the user's ergodic rates and outage probabilities under the high signal-to-noise (SNR) ratio. en, we establish an optimization model to maximize the system rates, and a joint optimal time and power allocation algorithm based on the exhaustive search and the binary algorithm is proposed. Simulation results show that the proposed scheme can outperform exiting scheme in terms of achieving a higher ergodic sum rate, a lower outage probability under the premise of fairness.
Introduction
As the demand for smart terminals and new mobile services continues to grow, wireless transmission rates will increase exponentially and the 4G system will be difficult to meet the communications requirements of high-speed, low-latency. Besides, the unexpected excessive energy consumption of the fourth-generation (4G) and pre-4G wireless networks causes serious carbon dioxide emissions. To achieve green wireless networks, the fifth-generation (5G) wireless networks are expected to significantly increase the network energy efficiency while guaranteeing the quality of service (QoS) for time-sensitive multimedia wireless traffics [1] . NOMA has been recognized as one of the key technologies of the fifthgeneration mobile communication (5G) for higher spectral efficiency [2] [3] [4] . e key idea of NOMA is accommodating multiple users in the same frequency band but each user has a different power. Compared with the traditional OMA system, NOMA can achieve a higher spectral efficiency [5, 6] . Since cooperative relay can improve system capacity and expand network coverage [7] , NOMA-based cooperative relay network has become a hotspot in wireless field research.
A preliminary study has been conducted on the resource allocation of the NOMA relay network. In [8] , the strong users work as the relay, and the proposed cooperative scheme is strong user decode and transmits the weak user's signals. e ergodic sum rate and outage probability of this cooperative NOMA scheme are analysed. In [9] , a dedicated relay node is used to provide services for users equipped with multiple antennas, and the literature obtains the lowerminimizing the outage probability is obtained but without considering the fairness of the system and the user communicating directly with the base station. In [13] , the author analyses the scenario that the user communicates either directly with the base station or through relay with the base station and derivate the system outage probability and the expression of user ergodic rate. e theoretical and simulation results show that the ergodic sum rate of cooperative NOMA system can be significantly improved compared with noncooperation. However, the paper only analyses the case where the number of users in the cell center is equal to the number of users at the cell edge, and the time shared by the two hops is not optimized. In [14] , the author analyses the performance of the scenario, where the number of cell edge users are more than the cell center users by introducing time sharing technology. However, the user is considered to communicate with the BS through the relay, and the strategy of equal time slot division and fixed power allocation factor is adopted, and the fairness of the system is not considered.
In this paper, for the NOMA relay scenario where the cell edge users are more than the cell center users and the channel of each user is significantly different, we use the method of dividing the time slot to transmit the information of the user and derive the expressions of the system's ergodic sum rate and the outage probability. Under the condition of system fairness index factor, the optimization problem of maximizing system rates is constructed. In order to get the solution to this problem, we proposed an optimal time and power allocation algorithm based on exhaustive search and binary algorithm. e algorithm can obtain the optimal time and power factor allocation strategy under different fairness index factors. In this allocation policy, we obtained the maximum rates of the system. e main contributions of this paper are as follows:
(1) Modelled the scenario that the number of cell center users is lower than users at the edge (2) Derived the ergodic rate and outage probability of the system under the new scenario (3) Proposed the joint and power allocation algorithm to maximize the system sum rate e rest of the paper is organized as follows: section 2 gives the system model of this paper, section 3 deduces the system performance, including the derivation of the system's ergodic rates and the outage probability, section 4 proposes an optimal allocation algorithm for time and power factor, section 5 performs simulation analysis to analyse the effect of fairness factors on the overall system rates, and section 6 summarizes the full text. Figure 1 is the proposed system model for this paper, which contains one base station (BS), one relay (R), and four users (UE 1 , UE 2 , UE 3 , and UE 4 ). We clarify that UE 1 is the cell center user directly connected to the base station and has better channel conditions. UE 2 , UE 3 , and UE 4 are cell edge users that need to forward information through the relay which operates in the half-duplex mode using DF strategy.
System Model
e h b 1 and h b r indicate the channel coefficients from the BS to the UE 1 , from the BS to the relay. h r 2 , h r 3 , and h r 4 denote the channel coefficients from the relay to each cell edge user. Channels are independent of each other and are subject to Rayleigh fading; we model these channels as h b 1 
, and h r 4 ∼ CN(0, λ r 4 ). We assume that UE 2 and UE 4 have similar channel conditions and the same variance, then λ r 2 � λ r 4 . e channel condition of UE 3 is significantly worse than other users. In the transmission process, relay forwards signals to UE 2 , UE 3 , and UE 4 in NOMA strategy. We divide a transmission time slot into four subslots, and cell center users are paired with different cell edge users in different subslots for information transmission.
It is assumed that one time slot is divided into four subslots which are denoted as t 1 , t 2 , t 3 , and t 4 , respectively, and the channel state in one subslot does not change. 3 . e received signals at UE 1 and relay are given by
where n (•) is the additive white Gaussian noise (AWGN) at each node.
When receiving the superimposed signal, UE 1 needs to apply the SIC to obtain its own signal after decoding the signals of UE 2 and UE 3 . It can be seen from [13] that the optimal decode order is the user with the worst channel condition decode first. In this method, UE 1 first decodes the signal of UE 3 , and the decoded signal to interference and noise ratio (SINR) is given by
where ρ s is the transmit signal-to-noise ratio (SNR) of the base station, ρ s � P s /σ 2 , P s is the transmission power of the BS, and σ 2 is the variance of Gaussian additive white noise.
After decoding the signal of the UE 3 , the SIC is applied to remove the signal of UE 3 and then the UE 2 is decoded, and the decoded SINR is 3 . e received signals at UE 1 and relay are given by
After receiving the superimposed signal, UE 1 first decodes the signal of UE 3 and then decodes the signal of UE 4 . SIC is applied to remove the two signals, and finally UE 1 decodes its own signal. e relay decodes the signals of UE 3 and UE 4 in the same manner, and similar to the t 1 subslot analysis, the SINR of the UE 1 decodes signals of UE 3 and UE 4 can be obtained as follows:
Assuming that the relay successfully decodes the two-user signal, the SINR of UE 1 after applying the SIC is given by 
where a t 4 3 and a t 4 4 are the power allocation factors of UE 3 and UE 4 in the t 4 sub-time slot, respectively.
Since the user channel conditions are unchanged in one time slot and the channel conditions of user 2 and user 4 are similar, then
After applying SIC technique, the achievable data rates of UE 1 in the t 1 subslot is given by
Because UE 2 must be decoded at UE 1 for SIC and the capacity of DF relaying is dominated by the weakest link, the achievable data rates of UE 2 is given by [15] C t 2 2 � t 2 log 2 1 + min c
e achievable data rates of UE 3 is given by
In the t 3 ∼t 4 subslot, the system status is similar to t 1 ∼t 2 , then
Performance Analysis
In this section, we analyse the system's ergodic rates and the outage probabilities.
e closed-form expression of user's ergodic rates in high SNR is derived, and the outage probability of each user and system is obtained.
Ergodic Rates.
Ergodic rates refer to the time average of the maximum information rates of a random channel in a fast fading state.
e system ergodic sum rate is given by
where C 1 , C 2 , C 3 , and C 4 indicate the ergodic rates of users 1, 2, 3, and 4, respectively. e ergodic rates of the UE i in the subslot t is given by
where ω is the SINR of UE i and F W (ω) and f W (ω) are the distribution function (CDF) and the probability density function (PDF) of ω. 1 is given by
where
(ω) is the CDF of the c
. Using the definition of the distribution function, there is is given by
Taking (25) into equation (23) and the ergodic rates of UE 1 in t 1 subslot is given by
where 1 , so the ergodic rates of UE 1 is given by ). e ergodic rates of UE 2 is given by can be derived as follows:
where . e CDFs are derived separately as follows:
e expression of F c R 2 and C 2 are given by
In order to obtain the closed-form expression of equation (32), a high SNR approximation is used. When ρ s ⟶ ∞ and ρ r ⟶ ∞, equation (29) can be rewrite as follows:
e closed-form expression of C 2 is given by ). We can obtain the ergodic rates of UE 3 in the subslots t 1 and t 2 as follows:
Since the channels h b r , h b 1 , and h r 2 are independent of each other, the F c R 3 is given by
where , respectively, and we can obtain Mobile Information Systems
Taking equations (37)-(39) into (36), the F c R 3 (ω) and C t 2 3 are given by
When ρ s ⟶ ∞ and ρ r ⟶ ∞, equation (36) can be rewritten as follows:
e closed-form expression of C t 2 3 is given by . 4 . It can be seen from (34) 
Ergodic Rates of UE
Taking C 1 , C 2 , C 3 , and C 4 into (21), the system ergodic sum rate is given by .
Outage Probability.
e outage probability is the probability of the outage event happened in the communication. When the user's reachable rates are lower than target rates, the outage event happened. In this paper, the outage probability of the cell center user is determined by its channel state. e outage probability of the cell edge users are determined by the two-hop system, and the state of the previous hop will affect the state of the next hop [17] .
(1) Outage probability of UE 1 Assumed , respectively, we can obtain the outage probabil- 
is given by
Since the channel state does not change in the time slots t 1 and t 3 , the relationship
erefore, the outage probability of UE 1 is given by 8 Mobile Information Systems , 1, otherwise.
(2) Outage probability of UE 2 e UE 2 communicates with the BS through the relay in the t 1 and t 2 sub-time slots, and its outage probability is related to each hop of the two-hop system. If UE 2 cannot be successfully decoded in the relay or cannot decode the signal of UE 3 , communication will be interrupted. If UE 2 can be decoded in the relay, but in the second hop transmission rate does not reach the target rate, the outage event will also occur. Denote the events that UE 2 cannot successfully decode at relay, UE 2 cannot decode the signal of the UE 3 , and in the second hop, the communication rates of UE 2 does not reach the target rate R Q , respectively, as
, and E O U 2 . e outage probability P 2 DFO of UE 2 can be obtained as follows:
where R BR 2 � t 1 log 2 (1 + c
where β 2 � 2 R Q /t 2 − 1, and P 2 DFO is given by 3 are also obtained in this way, so that all the power allocation factor list PA MATRIX satisfying the conditions can be obtained; secondly, according to each value set of power allocation factors in PA MATRIX, the corresponding user outage probability can be obtained. If the user outage probability satisfies the given threshold value, the corresponding time set L i , i � 1, 2, 3, 4 of each user when the outage probability is satisfied can be further calculated.
e feasible time allocation list L can be obtained by taking the intersection of L1∼L4. Binary algorithm is then employed to find the optimal transmission time at a certain fairness factor index F ′ premise; finally, the sorting algorithm is used to find the power allocation factor corresponding to the maximum system rates.
is process shown in Algorithm 1.
When acquiring PA MATRIX, the complexity of this algorithm to calculate a 3 is O(n). erefore, the algorithm complexity of obtaining the power allocation factor is O(n 2 ). e calculation of time list L and system capacity can be completed in constant time, and the complexity is O (1) . e complexity of the time allocation list under the feasible power set is O(log 2 n).
After the feasible power and time solution set is obtained, the sorting algorithm is used to obtain the optimal time and power allocation scheme. e complexity of this step is O(n).
e system complexity is T 1 (n) � O(n 2 log 2 n + n) � O(n 2 log 2 n). When the exhaustive search method is used, the corresponding system complexity is T 2 (n) � O(n 3 ), and it can be seen that T 1 (n) < T 2 (n), so the proposed algorithm can effectively reduce the computational time complexity.
Numerical and Simulation Results
e simulation scenario is shown in Figure 1 . It includes a base station (BS), a relay (R), and four users (UE i , i � 1, 2, 3, 4). e relay operates in the half-duplex mode using DF strategy. UE 1 is the cell center user, and h b 1 denotes the channel coefficients from the BS to UE 1 . UE 2 , UE 3 , and UE 4 are cell edge users, and h r 2 , h r 3 , and h r 4 denote the channel coefficients from the relay to each cell edge user. We model these channels as h b 1 
, and h r 4 ∼ CN(0, λ r 4 ). e cell center user is more concerned with the ergodic rates, and the cell edge users are more concerned with the outage probability; we set different target outage probability for different users, and the simulation parameters are shown in Table 1 . Figure 2 shows the theoretical and simulated rates of the user when F ′ � 0.5. It can be seen from the figure that the simulation value agrees with the theoretical value. When ρ s increases, the rates of each user gradually increase. UE 1 rates increase rapidly at low SNR, and the growth become slower due to the constrain of system fairness index factor at high SNR. Users 2, 3, and 4 are the cell edge users, and the growth rate is slow. Mobile Information Systems Figure 3 shows the ergodic sum rate under different fairness index factors. We have compared the system throughput optimized by Algorithm 1 with the equal time slot allocation scheme. It can be seen that the smaller the fairness index factor F ′ is, the larger the system ergodic sum rate is. e larger the F ′ is, the smaller the system ergodic sum rate is. When F ′ � 0.4, the ergodic sum rate optimized by the proposed algorithm is greater than the equal-time transmission [11] at any SNR. When F ′ � 0.5 and ρ s < 45 dB, the ergodic sum rate is greater than equal-time transmission, and when ρ s > 45 dB, the fairness factor of equal-time transmission is low, and the ergodic sum rate is higher than that in this paper. When F � 0.6, the value of the intersection of the ergodic sum rate by the proposed algorithm and the equal-time transmission becomes smaller. Figure 4 shows the relationship between user outage probability and ρ s when F ′ � 0.5. It can be seen that the user outage probability decreases as ρ s increases. Since different power allocation methods are adopted for different ρ s , the logarithm of the outage probability and ρ s are nonlinear. Figure 5 shows a comparison of the system outage probability of this paper and the equal-time transmission strategy. e algorithm proposed in this paper has a lower system outage probability when ρ s is low. When ρ s is high, the probability of two systems is close. Figure 6 shows the relationship between the fairness index factor and ρ s . It shows that in the case of equal-time Channel variance of BS ⟶ UE 3 k 2,3, 4 10
User outage probability target R Q , bps/Hz 0.2 Target rates F′ 0.5 System target fair factor index transmission, the fairness index factor will gradually decrease as the ρ s increases. However, the proposed algorithm enables the system fairness index factor maintained near the given fairness factor F ′ . Figure 7 shows the relationship between user rates and F ′ when ρ s � 50 dB. It can be seen that the UE 1 rates and the system sum rate are negatively correlated with F ′ , and users 2, 3, and 4 are positively correlated with F ′ . e rates of UE 1 is always the largest, as F increases, and these rates of increase in users 2, 3, and 4 slow down. Because when F ′ increases, the power and time resources allocated to the cell edge users rise, and the cell center user decreases accordingly. Besides, the throughput difference between users decreases. Since the cell center user has the greatest impact on system sum rate, although the cell edge users rates increase, the system sum rate still drops.
Conclusion
In this paper, we study the time and power optimization allocation algorithm in the NOMA relay network. Firstly, the scenario of two-hop DF relay is established. Based on this model, the expressions of user outage probability and ergodic rates are derived. Secondly, an optimization model for maximizing the system rates is constructed. irdly, the joint time and power factor allocation algorithm is proposed to obtain the solution of the model. e simulation result shows, under the premise of considering the fairness of the system, the system rates optimized by the proposed algorithm is significantly improved compared with the equaltime allocation.
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